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Specificities  of  antibodies  that  inhibit  merozoite  dispersal  from 
malaria-infected  erythrocytes 
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When  malaria  schizont-infected  erythrocytes  are  cultured  with  immune  serum,  antibodies  prevent  dispersal  of  merozoites.  re¬ 
sulting  in  the  formation  of  immune  clusters  of  merozoites  (ICM)  and  inhibition  of  parasite  growth  Antigens  recognized  by  these 
antibodies  were  identified  by  probing  two  dimensional  immunoMots  of  Plasmodium  falciparum  antigens  with  antibodies  disso¬ 
ciated  from  immune  complexes  present  at  the  surface  of  merozoites  in  ICM.  Total  immune  serum  recognized  88  of  the  135  protein 
spots  detected  by  colloidal  gold  staining,  but  antibodies  dissociated  fro  i  immune  complexes  recognized  only  15  protein  spots  at¬ 
tributable  to  no  more  than  eight  distinct  antigens.  Antigens  recogniz.  by  antibodies  that  inhibit  merozoite  dispersal  include  the 
precursor  to  the  major  merozoite  surface  antigens  (gpl95),  a  126-kDa  serine-repeat  antigen  (SERA),  the  130-kDa  protein  that 
appears  to  bind  to  glycophorin  (GBP130),  and  the  approx.  45-kDa  merozoite  surface  antigen.  One  other  antigen  f23tP2L5-k©»<^ 
'doublet? was  identified  by  using  antibodies  affinity  purified  from  recombinant  expression  proteins.  The  identities  of  the  other  three 
ant.gens  TT>frkT)a;  T2TTDS  and  <250  kDafAvcrc  not  determined.  This  approach  provides  a  strategy  for  identifying  epitopes  ac¬ 
cessible  at  the  merozoite  surface  which  may  be  important  components  of  a  multivalent  vaccine  against  blood  stages  of  P.  falci¬ 
parum. 


**  Keywords:  Malaria;  Surface  antigen:  Immune  complex:  Plasmodium  falciparum:  Merozoite:  Vaccine  0  f  o  ■ 
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Abbreviations:  ICM,  immune  clusters  of  merozoites;  Tris.  2- 
amino-2-hydroxymethylpropane-l,3-diol;  TBS,  Tris-buffered 
saline:  IRBC.  schizont-infected  erythrocyte;  mAb.  mono¬ 
clonal  antibody;  gp  1 95.  the  195-kDa  precursor  of  the  major 
merozoite  surface  antigens;  SERA,  the  126-kDa  serine  repeat 
antigen.  GBP130.  a  130-kDa  glycophorin-binding  protein; 
MSA.  merozoite  surface  antigen;  TX(i).  Triton  X-100-insol- 
uble  fraction  of  ICM;  TX(s).  Triton  X-100-sotuble  fraction  of 
ICM 


It  is  likely  that  optimal  malaria  vaccines  will 
contain  multiple  antigens  from  several  of  the  var¬ 
ious  parasite  developmental  stages  in  order  to  re¬ 
duce  the  number  of  parasites  that  successfully  de¬ 
velop  from  one  stage  to  the  next.  Probably,  they 
will  also  contain  multiple  antigens  from  each  stage 
in  order  to  increase  antibody  avidity,  and  de¬ 
crease  the  risk  of  selecting  mutant  parasites.  A 
major  obstacle  to  developing  an  effective  vaccine 
against  blood  stage  parasites  is  choosing  protec¬ 
tive  antigens  from  among  many  possibilities  [1,2]. 
In  vitro,  antibodies  in  malaria-immune  sera  in¬ 
hibit  dispersal  of  merozoites  when  schizont-in¬ 
fected  erythrocytes  rupture,  resulting  in  forma¬ 
tion  of  immune  clusters  of  merozoites  (ICM)  and 
inhibition  of  parasite  multiplication  [3].  Several 
antigens  are  enriched  in  the  immune  complexes 
that  form  at  the  surface  of  merozoites  in  ICM  [4], 
In  the  present  studies,  antibodies  were  disso- 
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dated  from  sutn  immune  complexes  and  used  in 
immunoblotting  experiments  to  identify  their  tar¬ 
get  antigens. 

Materials  and  Methods 

Immune  serum.  Immune  serum  was  from  Aotus 
monkey  A076  immunized  against  the  Camp  strain 
of  Plasmodium  falciparum  [5]. 

Parasite  cultures  for  preparation  of  immune  clus¬ 
ters  of  merozoites  and  antigens  for  immunoblot¬ 
ting.  ICM  were  prepared  as  described  previously 
[4]  by  culturing  Metrizamide-enriched,  Camp 
strain  schizont-infected  erythrocytes  (IRBC)  in 
5%  A076  immune  serum  for  4  h  The  ICM  were 
collected,  after  adding  protease  inhibitors,  by 
centrifuging  and  washing  three  times  with  25  pel¬ 
let  volumes  of  serum-free  medium  containing 
protease  inhibitors  (to  remove  unbound  antibod¬ 
ies)  [4],  Pellets  were  stored  at  -SOX.  Antigens 
for  immunoblotting  were  from  IRBC  cultured 
with  10  |xg  ml1  leupeptin  and  chymostatin  [6]. 
Parasites  were  collected  as  described  for  ICM  and 
pellets  were  stored  in  liquid  nitrogen. 

Dissociation  of  antibodies  from  immune  clusters 
of  merozoites.  Antibodies  for  immunoblotting 
were  dissociated  from  the  pH  8,  Triton  X-100-in- 
soluble  (TX(i))  and  pH  8,  Triton  X-100  soluble 
(TX(s))  fractions  of  ICM  by  using  acidic  glycine 
buffer  as  shown  in  Fig.  1.  Acid-dissociated  anti¬ 
body  from  5  x  106  ICM  was  neutralized  by  dilu¬ 
tion  into  30  ml  of  10  mM  2-amino-2-hydroxyme- 
thylpropane-1 ,4-diol  (Tris)  buffer.  pH  8.0, 
containing  150  mM  NaCl,  1  mM  EDTA  (Tris- 
buffered  saline;  TBS)  and  0.05%  Tween  20. 

Assessment  of  nonspecific  trapping  of  antibodies 
during  immune  complex  formation.  Metrizamide- 
enriched  IRBC  were  cultured  for  4  h  in  5%  A076 
immune  serum  or  5%  A083  normal  serum  con¬ 
taining  10  p.g  (2.15  x  10h  cpm  p.g“ ')  125I-labeled 
A083  IgG.  Triplicate  samples  were  processed  ac¬ 
cording  to  Fig.  1 ,  the  whole  sample  from  each  step 
was  quantitated  by  gamma  radiation  counting,  and 
sample  standard  deviations  were  calculated. 


Antibodies.  Monoclonal  antibodies  (mAb)  7B11. 
7H10,  3H7  and  7F1,  which  react  with  the  precur¬ 
sor  to  the  major  merozoite  surface  antigens 
(gpl95).  and  mAb  5E3,  which  reacts  with  the 
serine  repeat  antigen  (SERA),  have  been  de¬ 
scribed  previously  [7,8],  Polyclonal  monospecific 
antibodies  against  SERA  were  raised  by  immu¬ 
nizing  female  CAF1  mice  with  a  peptide  having 
the  sequence  FESNSGSLEKKKYVKLPSNG  [9] 
covalently  coupled  to  keyhole  limpet  hemocyanin 
by  using  water  soluble  carbodiimide  or  glutaral- 
dehyde  at  a  ratio  of  1  mg  peptide  per  mg  KLH. 
Mice  were  primed  with  100  p.g  of  conjugate  in¬ 
oculated  subcutaneously  in  100  p.1  50%  Freund’s 
complete  adjuvant  followed  by  intraperitoneal 
injections  of  100  p.g  of  conjugate  in  100  p.1  nor¬ 
mal  saline  4  and  6  weeks  later.  Polyclonal  mon¬ 
ospecific  antibodies  against  gpl95,  p230/215 
(doublet)  and  MSA  were  affinity-purified  with 

l  *  1 0  7  washed  cells  suspended  in  20  pi  NET 


Extract  with  20  \x\  NET 
containing  2%  Triton  X-100 


Separate  pH  8  soluble  and  insoluble  fractions 
by  centrifuging  at  13,000  g  for  3  min 


Pellet 


Wash  3X  with  50  volumes  NET 
containing  1%  Triton  X-100 
to  remove  trapped  antibodies 


Add  40  pi  0.2  M  glycine. 
pH  2.8.  and  read  10  mm 


TX  insoluble,  acid  soluble 
immune  complexes 
TX(t) 


Supernatant 


Add  40  pi  0  2  M  glyone. 
pH  2.8,  and  react  10  min 


TX  soluble  immune 
complexes 
TX(s) 


Fig.  1.  Preparation  of  antibodies  for  immunoblotting  from 
pH  8,  Triton  X- 100-insoluble  (TX(i))  and  pH  8.  Triton  X-100- 
soluble  (TX(s))  fractions  of  immune  clustered  merozoites. 


antigen  expressed  by  recombinant  \gtll  clones 
a34.  al26.  and  al37.  respectively,  as  described 
previously  [9.10].  Malaria  DNA  from  clone  al26 
hybridizes  with  clone  a33  (unpublished),  and  an¬ 
tibodies  purified  from  the  recombinant  protein 
expressed  by  clone  a33  react  with  a  230/215-kDa 
doublet  and  a  70-kDa  antigen  [9].  Antibodies 
purified  from  the  recombinant  protein  expressed 
by  clone  a  126  recognized  only  the  230/215-kDa 
doublet. 

Two-dimensional  polyacrylamide  gel  electropho¬ 
resis  and  immunoblotting.  Antigens  from  2.5  x 
10*’  1RBC  cultured  with  10  |xg  ml'1  leupeptin  and 
chymostatin  were  extracted  with  20  jjlI  of  1%  so¬ 
dium  dodecyl  sulfate  (SDS),  and  were  prepared 
for  isoelectric  focusing  by  adding  42  mg  urea,  16 
(i.1  20 c/c  Triton  X-100,  and  79  p.1  2  x  Ampholines 
buffer  [11].  The  first  dimension  was  non-equilib¬ 
rium  pH  gradient  electrophoresis  for  4  h  [12]  and 
the  second  dimension  was  SDS-polyacrylamide  gel 
electrophoresis  (SDS-PAGE)  on  an  8 c/c  separat¬ 
ing  gel  [13].  Electroblotting  [14]  was  at  4°C  in  a 
tank  system  for  14  h  at  85  V  and  blots  were 
blocked  with  TBS  containing  0.3rf  Tween  20. 
Immunoblotting  reactions  were  as  described  [10], 
After  autoradiography,  blots  were  stained  with  25 
ml  of  Aurodye  colloidal  gold  (Janssen,  Piscata- 
way,  NJ)  according  to  the  manufacturer's  direc¬ 
tions.  Efficiency  of  electrophoretic  transfer  was 
evaluated  by  comparing  Aurodye-stained  blots 
with  Gelcode  silver-stained  gels  (Pierce.  Rock¬ 
ford.  IL). 

Results 

Antigen  spots  recognized  by  immune  serum.  In 
autoradiographs  of  two-dimensional  immuno- 
blots  prepared  from  IRBC  cultured  in  the  pres¬ 
ence  of  leupeptin  and  chymostatin  (Fig.  2A).  an¬ 
tibodies  in  serum  from  an  Aotus  monkey  (A076) 
that  is  immune  to  challenge  with  blood-stage 
Camp  strain  P.  falciparum  malaria  parasites  [5] 
icacfc'1  with  88  discrete  spots.  The  location  of 
each  spot  was  determined  by  staining  the  blot  for 
protein  with  colloidal  gold  (Fig.  2B)  and  aligning 
with  the  autoradiograph. 
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Antigen  spots  recognized  by  antibodies  disso¬ 
ciated  from  the  Triton  X- 100-insoluble  or  Triton 
X-WO-soluble  fraction  of  ICM.  Only  15  of  the  88 
spots  recognized  by  antibodies  in  immune  serum 
were  recognized  by  antibodies  dissociated  from 
immune  complexes  in  the  pH  8  Triton  X-100  in¬ 
soluble  (Fig.  2C)  or  soluble  (Fig.  2D)  fractions  of 
ICM.  Spots  labeled  a-m  were  recognized  by  an¬ 
tibodies  from  the  Triton  X- 1  (M)-insoluble  fraction 
of  ICM.  Spots  n  and  o  were  recognized  exclu¬ 
sively  by  antibodies  from  the  Triton  X-iOO-solu- 
ble  fraction. 

Identification  of  specific  antigens  recognized  by 
antibodies  from  immune  clusters  of  merozoites. 
Most  of  the  15  spots  recognized  by  antibodies 
dissociated  from  immune  complexes  were  iden¬ 
tified  by  comparison  w-ith  the  locations  of  anti¬ 
gens  recognized  by  monoclonal  or  monospecific 
antibodies.  Six  of  the  spots  (c-h)  are  associated 
with  gpl95.  Spots  c-g  correspond  to  gp  195  and  its 
processed  products  p83,  p73,  p67  and  p45.  re¬ 
spectively.  and  these  spots  were  recognized  by 
antibodies  affinity-purified  with  the  recombinant 
protein  expressed  by  clone  a34  (Fig.  3).  This  clone 
contains  DNA  encoding  the  C-terminal  half  of  the 
p83  domain  and  the  N-terminal  half  of  the  p45 
domain  of  Camp  strain  gpl95  []()].  The  specific 
assignments  of  antigen  spots  c-f  were  also  con¬ 
firmed  by  probing  blots  with  mAb  7B11.  which 
reacts  with  an  epitope  shared  by  gpl95.  p83.  p73, 
and  p67  [7],  MAb  7B11  was  also  included  in  ex¬ 
periments  with  monospecific  antibodies  against 
other  antigens,  as  an  internal  control  to  provide 
reference  markers  for  alignment. 

Other  antigens  recognized  by  antibodies  dis¬ 
sociated  from  ICM  include  the  following:  a  and 
b.  a  230/215  antigen  (doublet)  recognized  by  an¬ 
tibodies  affinity-purified  from  the  recombinant 
protein  expressed  by  clone  al26;  h.  gp45,  recog¬ 
nized  by  mAbs  against  a  processed  product  de¬ 
rived  from  the  C-terminus  of  gpl95  [7,10);  i.  a 
150-kDa  antigen  which  was  not  identified  with 
defined  antibodies;  j.  SERA,  the  precursor  to  a 
50-kDa  exoantigen  [15]  recognized  by  mAb  5E3 
[8]  and  bv  an  immune  serum  raised  against  the 
peptide  FESNSGSLEKKKYVKLPSNG  synthe¬ 
sized  based  on  the  DNA  sequence  for  SERA  [9]; 
k.  a  127-kDa  antigen  which  was  not  identified  with 
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Fig.  2.  P.  falciparum  antigens  recognized  by  immune  serum  or  by  antibodies  dissociated  from  immune  complexes  in  immune 
clusters  of  merozoites  (ICM).  P.  falciparum  antigens  were  separated  by  two-dimensional  electrophoresis,  reacted  with  25  n-1  of 
A076  immune  serum,  and  subjected  to  autoradiography  for  14  h  (A)  followed  by  staining  with  colloidal  gold  for  14  h  (B).  Alter¬ 
natively,  blots  were  reacted  with  antibodies  dissociated  from  the  TX(i)  (C)  or  TX(s)  (D)  fraction  of  5  x  10*’  ICM.  Antigen  spots 
recognized  by  antibodies  dissociated  from  the  ICM  are  noted  in  lower  case  letters. 


ACIDIC  BASIC  ACIDIC  BASIC 


Fig.  3.  Monospecific  antibodies  against  gp  195  react  with  antigen  spots  recognized  by  antibodies  dissociated  from  immune  com¬ 
plexes.  Blots  of  Camp  strain  antigens  were  reacted  with  antibody  affinity-purified  from  the  recombinant  expression  clone  a34  which 
contains  part  of  the  gene  from  the  major  merozoite  surface  antigen  (gpl95).  Autoradiography  was  for  14  h  (A)  followed  by  stain¬ 
ing  with  colloidal  gold  (B).  Antigen  spots  recognized  by  these  antibodies  include:  gpl95.  p83.  p73.  p67,  and  p45  (c-g.  respec¬ 
tively). 

defined  antibodies;  1  and  m,  a  96/92-kDa  antigen  and  were  not  merely  trapped  during  immune 

(doublet)  which  corresponds  to  GBP130,  a  pu-  complex  formation.  Immunoblots  probed  with 

tative  glycophorin-binding  protein  [16]  recog-  antibodies  dissociated  from  5  x  106  ICM  gave  an 

r.ized  by  rabbit  antisera  [17]  raised  against  the  re-  optimal  autoradiograph  in  8-14  h.  The  Triton  X- 

gion  of  tandem  repeated  primary  structure  for  100-insoluble  and  -soluble  fractions  from  ICM 

GBP130  [18];  n,  MSA  [39].  recognized  by  anti-  obtained  from  a  0.5-ml  culture  prepared  from  5 

bodies  affinity-purified  from  the  recombinant  x  10h  IRBC.  25  p.1  of  immune  serum,  and  2. 15  x 

protein  expressed  by  clone  al37  (unpublished);  107  cpm  of  l25I-labeled  normal  Aotus  IgG  con- 

and  o.  an  antigen  of  less  than  30  kDa  which  was  tained  only  0.016%  (3440  ±  197  cpm)  and  0.010% 

not  identified  with  defined  antibodies.  The  iden-  (2150  ±  161  cpm)  of  the  total  l25I-labeled  IgG, 

tity  of  spot  h  was  confirmed  by  two-dimensional  respectively.  Although  this  was  more  than  the 

PAGE  and  fluorography  of  immunoprecipitates  amount  of  l25I-labeled  IgG  recovered  in  the  same 

prepared  from  gp45  metabolically  labeled  with  fractions  of  parallel  cultures  containing  normal 

[3H]isoleucine  [7,10]  and  precipitated  with  mAbs  serum  (0.0002%  (57  ±  36  cpm)  and  0.004%  (821 

3H7  and  mAb  7H10  (not  shown).  The  assign-  ±  73  cpm)  respectively),  no  reactions  were  ob- 

ments  of  antigen  spots  a-n  are  summarized  in  Ta-  served  in  14  h  exposures  of  autoradiographs  of 

ble  I.  blots  probed  with  0.004  p,l  of  immune  serum 

(corresponding  to  0.016%  of  25  p.1  of  immune 
Specific  accumulation  of  antibodies  in  immune  serum).  Furthermore,  no  antibodies  were  re- 

complexes.  Antibodies  against  these  15  spots  ac-  covered  from  the  cellular  fractions  of  parallel 

cumulated  specifically  in  the  immune  complexes  control  cultures  containing  uninfected  ervthro- 

that  formed  at  the  surface  of  merozoites  in  ICM  cytes  (not  shown). 
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TABLE  I 

Summary  of  antigens  recognized  by  antibodies  dissociated  from  immune  clusters  of  merozoites  and  by  selected  monospecific  an¬ 
tibodies 


Spot 

Size 

Pi 

Identification 

ICM  antibody 
signal  strength 

Tx(i) 

i 

Tx(s) 

Antigens  reacting  with 
monospecific  antibodies 

Reference 

a 

230  kDa 

Acidic 

p230  doublet  upper  band 

+  + 

+/- 

al26c 

b 

215  kDa 

Acidic 

p236  doublet  lower  band 

+/- 

- 

al26c 

c 

195  kDa 

Acidic 

gpl95 

+  +  +  + 

+ 

a34\  n./.b  7B11,  mAb 
7B2 

[7.10] 

d 

83  kDa 

Neutral 

p83  from  gpl95 

+  +  +  + 

+  4- 

a34c,  mAb  7B11,  mAb 
7B2 

[7,10] 

e 

73  kDa 

Neutral 

p73  from  gpl95 

+  +  +  + 

+  + 

a34c,  mAb  7B11,  mAb 

7B2 

[7,10] 

f 

67  kDa 

Neutral 

p67  from  gpl95 

+  +  +  + 

+ 

a34c,  mAb  7B11.  mAb 
7B2 

[7,10] 

g 

45  kDa 

Neutral 

p45  from  gpl95 

+  +  + 

- 

a34c 

[10] 

h 

42  kDa 

Acidic 

gp45  from  gpl95 

+  +  +  + 

+  +  + 

mAbs  7F1  and  3H7 

[7] 

i 

150  kDa 

Acidic 

Not  known 

+ 

- 

Not  tested 

j 

126  kDa 

Acidic 

SERA 

+  +  +  + 

+  + 

mAb  5E3,  SERA  antisera 

[8] 

k 

127  kDa 

Acidic 

Not  known 

+  + 

- 

Not  tested 

1 

96  kDa 

Acidic 

GBP  130 

+ 

- 

serum  244-54 

[17] 

m 

92  kDa 

Acidic 

GBP  130 

+ 

+/- 

serum  244-54 

[171 

n 

50  kDa 

Acidic 

MSA 

- 

+  + 

a  137' 

0 

<30  kDa 

Acidic 

Not  known 

- 

+  + 

Not  tested 

Electroblotting  efficiency.  Silver-staining  two-di¬ 
mensional  gels  that  were  not  blotted  revealed  143 
spots,  whereas  colloidal  gold-staining  blots  from 
companion  gels  revealed  135  spots  (not  shown). 
Proteins  that  were  detected  by  silver-staining  gels 
but  not  by  colloidal  gold-staining  blots  tended  to 
be  acidic  and  have  sizes  in  the  range  of  20-35 
kDa.  For  some  proteins,  transfer  was  incomplete 
because  silver-staining  electroblotted  gels  re¬ 
vealed  low  levels  of  residual  large  macromole¬ 
cules.  However,  colloidal  gold  staining  of  the  re¬ 
sultant  blots  revealed  that  a  large  proportion  of 
each  of  these  molecules  was  transferred  to  the  ni¬ 
trocellulose. 

Discussion 

Previous  work,  in  which  ICM  antigens  labeled 
with  [’Hjisoleucine  were  analyzed  by  SDS-PAGE, 
indicated  that  15  antigens  were  stabilized  at  the 
surface  of  merozoites  by  formation  of  immune 
complexes  with  antibodies  from  growth  inhibi¬ 
tory  immune  serum  [4j.  Also  in  previous  work  [8], 
monoclonal  antibodies  were  used  to  identify  two 
of  these  ICM  antigens  as  SERA  [15,19,20]  and 


ABRA  [21.22].  The  identities  of  the  other  ICM 
antigens  were  not  known. 

We  now  have  used  antibodies  dissociated  from 
ICM  to  probe  two-dimensional  immunoblots  pre¬ 
pared  from  IRBC  cultured  with  leupeptin  and 
chymostatin.  These  antibodies  recognized  15 
polypeptides  corresponding  to  eight  antigens, 
whereas  the  whole  immune  serum  recognized  88 
polypeptides. 

Several  of  these  eight  antigens  have  been  de¬ 
scribed  previously.  gpl95  [23]  (antigen  spots  c-h) 
and  SERA  [15,19,20]  (antigen  spot  j)  are  poly¬ 
morphic  [24,25],  are  known  to  be  associated  with 
the  merozoite  surface  [8,23,26,27],  and  can  in¬ 
duce  at  least  partial  protection  against  blood  stage 
malaria  in  monkeys  [20,28,29].  Both  gpl95  and 
SERA  also  contain  epitopes  that  are  conserved 
among  different  parasite  isolates,  and  some  of 
these  conserved  epitopes  are  accessible  at  the 
surface  of  merozoites  and  participate  in  the  for¬ 
mation  of  ICM  (unpublished).  GBP130  (antigen 
spots  I  and  m)  appears  to  bind  to  glycophorin  [16] 
which  has  been  implicated  as  an  important  ligand 
used  by  merozoites  to  invade  erythrocytes  [30-33]. 
Individually,  gpl95,  SERA  and  GBP130  have 


merit  as  vaccine  candidates  [17,28,29],  Co-ad¬ 
ministered  as  a  multivalent  vaccine,  the  antigens 
may  elint  immune  responses  that  act  in  concert 
to  give  increased  protection  [34,35], 

In  additional  experiments,  monoclonal  anti¬ 
bodies  that  react  with  Pf  EMP  2/MESA  [36.37] 
or  with  a  240/225-kDa  protein  from  rhoptries  [38] 
reacted  with  antigen  spots  other  than  those  cor¬ 
responding  to  the  230/215-kDa  doublet  that  cor¬ 
relates  with  spots  a  and  b  (unpublished).  Several 
approx.  50-kDa  malaria  proteins  have  been  de¬ 
scribed  recently.  Two  of  these  are  associated  with 
the  merozoite  surface  [39—41]  and  another  is  as¬ 
sociated  with  rhoptries  [39],  The  50-kDa  antigen 
described  in  this  present  study  is  the  same  as  the 
45-kDa  merozoite  surface  antigen  known  as  MSA 
[39],  as  shown  by  comparing  DNA  sequences 
(manuscript  in  preparation),  however  its  rela¬ 
tionship  to  the  protein  described  by  Clark  et  al. 
[10]  is  not  known.  Spot  i  (150  kDa)  may  corre¬ 
spond  to  a  low-molecular-weight  form  of  the  S 
antigen  [42]  or  to  PF155/RESA  [43.44],  and  ef¬ 
forts  to  identify  this  antigen  are  in  progress.  An¬ 
tigen  spots  k  (127  kDa)  and  o  (<30  kDa)  are  not 
related  in  an  obvious  way  to  any  malaria  antigens 
that  have  been  described  previously,  other  than 
having  the  same  molecular  weights  as 
[3H]isoleucine-labeled  antigens  identified  by  SDS- 
PAGE  [4],  By  analogy  with  gpl95,  SERA  and 
GBP130,  these  other  five  antigens  also  are  can¬ 
didates  for  inclusion  in  a  multivalent  vaccine. 

ABRA,  which  co-electrophoreses  with  antigen 
spot  1  (GBP130)  during  one-dimerisional  SDS- 
PAGE  (unpublished),  was  identified  previously 
as  an  ICM  antigen  [4,8],  but  it  was  not  revealed 
as  such  in  this  present  study.  These  results  may 
be  related  in  part  to  the  fact  that  more  antigen  and 
higher  concentrations  of  antibodies  were  used  in 
the  previous  experiments  [8].  In  addition,  ABRA 
is  recognized  as  an  ICM  antigen  when  antibodies 
dissociated  from  ICM  are  used  to  probe  two-di¬ 
mensional  immunoblots  prepared  with  antigens 
from  ICM,  indicating  that  different  molecular 
forms  of  ABRA  are  obtained  from  ICM  vs.  IRBC 
cultured  with  leupeptin  and  ehymostatin  (manu¬ 
script  in  preparation).  Thus,  ABRA  is  a  ninth 
ICM  antigen. 

One  other  set  of  antigens,  a  173-kDa  triplet, 
was  also  stabilized  at  the  surface  of  merozoites  in 


ICM  [4]  but  was  not  observed  in  this  present 
study.  Antibodies  in  A076  monkey  serum  do  not 
precipitate  the  173-kDa  triplet  [6],  suggesting  that 
these  antigens  are  not  recognized  by  antibodies 
during  ICM  formation  but  form  strongly  associ¬ 
ated  macromolecular  complexes  [7,45]  with  anti¬ 
gens  that  are  targets  for  antibodies  that  inhibit 
merozoite  dispersal. 

Target  antigens  for  antibodies  that  inhibit  mer¬ 
ozoite  dispersal  need  not  be  integral  membrane 
proteins.  Although  gpl95  appears  to  be  anchored 
to  the  merozoite  membrane  by  diglyceride  lin¬ 
kage  to  phosphatidyl  inositol  [46]  and  MSA  par¬ 
titions  to  the  detergent  phase  after  Triton  X-114 
extraction  [39],  other  target  antigens  including 
SERA  [19],  ABRA  [22]  and  GBP130  [47]  do  not 
have  hydrophobic  C-terminal  sequences,  and 
SERA,  ABRA,  and  GBP130  do  not  appear  to 
incorporate  myristic  acid  or  glucosamine  (unpub¬ 
lished).  SERA,  ABRA,  and  GBP130  have  been 
localized  to  the  parasitophorous  vacuole  space 
where  they  appear  to  be  associated  with  the  mer¬ 
ozoite  surface.  This  association  could  result  from 
the  non-covalent  interaction  of  these  proteins  with 
membrane  anchored  proteins  such  as  gp!95  or 
MSA. 

A  logical  extension  of  these  results  is  the  use  of 
antibodies  dissociated  from  immune  complexes  to 
identify  B-epitopes  on  antigen  fragments  pro¬ 
duced  by  recombinant  DNA  or  synthetic  peptide 
techniques.  Because  immune  complexes  will  form 
only  at  solvated,  surface-accessible  epitopes,  it  is 
likely  that  only  a  subset  of  all  antibodies  that  react 
with  a  given  antigen  will  be  recovered,  and  these 
will  be  against  surface  epitopes.  A  similar  analy¬ 
sis  could  be  applied  to  any  biological  system  for 
which  functional  antibodies  are  available.  P.  fal¬ 
ciparum  antigens  that  have  merit  as  vaccine  can¬ 
didates  are  generally  large  proteins,  can  be  diffi¬ 
cult  to  express  by  current  recombinant  DNA 
technology,  and  may  contain  immunodominant  or 
suppressor  epitopes  that  interfere  with  the  devel¬ 
opment  of  protective  antibody  responses.  Appli¬ 
cation  of  these  methods  to  B-epitope  analysis  may 
be  especially  important  in  developing  a  strategy 
for  producing  effective  vaccines  against  orga¬ 
nisms  (such  as  malaria  parasites)  where  synthetic 
or  recombinant  protein  vaccines  appear  to  offer 
the  best  prospects. 
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